Background--The long-term progression of idiopathic dilated cardiomyopathy (DCM) in pediatric patients compared with adult patients has not been previously characterized. In this study, we compared outcome and long-term progression of pediatric and adult DCM populations.
I
diopathic dilated cardiomyopathy (DCM) is a heart muscle disorder characterized by systolic dysfunction and dilation of the left or both ventricles in the absence of any other possible cause.
1 DCM can develop in people of any age or ethnicity, although it is more common in male than female persons (occurring at a ratio of %3:1 in male to female persons) and typically manifests in the third to fourth decades of life. 2, 3 DCM is the predominant cause of cardiomyopathy in both adult and pediatric populations. 3, 4 In adults, DCM has an estimated prevalence of 1:2500. 3 In contrast, annual incidence in pediatric populations has been reported to be much lower: %1:170 000 in the United States 5 and 1:140 000 in Australia. 6 Although pediatric DCM has a lower annual incidence than adult DCM, the outcome for pediatric DCM patients is particularly severe. [7] [8] [9] DCM is the most frequent cause of heart transplantation (HTx) in pediatric patients. 10 Data from international pediatric DCM registries indicate that the rates of death or HTx over 1-and 5-year periods were 31% and 46%, respectively. 4 Conversely, recent data showed that the HTxfree survival rate in adult DCM patients receiving optimal treatment is >85% at 8 years. 2 Comparative studies between pediatric and adult DCM populations are currently lacking in the literature. This is clinically relevant. In fact, because of the difficulty of performing controlled clinical trials with pediatric populations, the number of such trials has been limited. 10 Consequently, the treatment strategies used for pediatric DCM patients have been extrapolated primarily from data based on clinical trials using adult DCM patients. By better characterizing the baseline and long-term progression and outcome of pediatric DCM patients in comparison to adult DCM patients, for which ample data have already been collected, it is thought that improved treatment strategies could be developed for pediatric patients. The aim of this study was to provide insights into the longterm characterization and outcome of DCM in a pediatric population compared with an adult one to ultimately improve the clinical management of DCM in children.
Methods Study Population
We analyzed data from all DCM patients that had consecutively enrolled in the Trieste Heart Muscle Disease Registry in Italy between 1988 and 2014, according to the protocol approved by the institutional review board of the Trieste Hospital administration and the local ethics committee. Informed consent was obtained from all participants. The investigation was in line with the principles outlined in the Declaration of Helsinki. 11 The diagnosis of DCM was assigned according to the current guidelines. 1, 12, 13 We excluded patients with a secondary cause of myocardial damage, including coronary artery disease (investigated with coronary angiography/computed tomography), hypertensive disorder, valvular disease, biopsyproven active myocarditis, associated congenital heart disease, history of chemotherapy or pharmacologic cardiotoxicity, pulmonary parenchymal or vascular disease, immunological disease, and mitochondrial disease (studied by complete neurological examination, plasma lactate and amino acids, urine amino and organic acids, and pyruvate and acylcarnitine profiles, if indicated). 6, 16 To improve the accuracy of our comparisons between 2 differently sized populations, prognostic assessment statistics compared the pediatric population with a sample of adult controls randomly matched in a 1:3 ratio (47 pediatric patients to 141 adult patients). This was adjusted for the most relevant baseline differences between the 2 groups, as explained in the "Statistical Analysis" section.
Clinical Outcomes
Three outcome measurements were primarily investigated: (1) death or HTx, (2) sudden cardiac death or malignant ventricular arrhythmia (MVA), and (3) death caused by pump failure or HTx. Data were collected over follow-up periods of 1, 6, and 9 years. All patients with refractory HF requiring inotropic treatment and/or mechanical support or with lifethreatening arrhythmias unresponsive to medical therapy and/or catheter ablation and who did not have contraindications were listed for urgent HTx.
2
Sudden death was defined as immediate death occurring within 1 hour after the onset of symptoms or during sleep in stable patients with New York Heart Association (NYHA) class I to III disease. MVAs were defined as ventricular fibrillation/ flutter or sustained ventricular tachycardia (>30-second duration of >200 beats per minute or hemodynamically significant), as recorded by an implantable cardioverterdefibrillator or external defibrillation. Other investigated outcomes included cardiovascular death, noncardiac death, and death from unknown causes.
The Trieste Heart Muscle Disease Registry
The Trieste Heart Muscle Disease Registry is a local relational database, active since 1978, that systematically collects the data of patients affected by DCM and other cardiomyopathies consecutively evaluated in the cardiovascular department of the Azienda Ospedaliero-Universitaria "Ospedali Riuniti" of Trieste. Used as a client interface, the system has all of the characteristics of a rapid application development client/ server system. Data registration is composed of a table series corresponding to the clinical (history, family study, clinical examination) and instrumental evaluation (laboratory examinations; electrocardiography; Holter monitoring; echocardiography; and, when indicated, cardiac catheterization and endomyocardial biopsy) and pharmacological therapy at baseline and at scheduled follow-up evaluations. A section dedicated to fatal and nonfatal events and their causes is also present.
Statistical Analysis
Categorical data are reported as counts and percentages. Continuous variables are presented as means and standard deviations or medians and interquartile ranges, as appropriate. For descriptive comparisons, clinical and instrumental characteristics at baseline were compared between groups of patients. This was achieved by 1-way ANOVA for continuous variables or the nonparametric median test, as necessary; for categorical variables, the chi-square or Fisher exact test was used, as appropriate. To assess the longitudinal changes in the investigated parameters, 2 analyses were performed. First, simple tests for repeated consecutive measures were calculated separately for each group (the McNemar test for binary parameters and the paired t test for continuous parameters). Second, linear mixed-effects models with time and group as the covariates (in which time is the follow-up visit and group was defined as either pediatric or adult) were used to investigate whether a different behavior was present between the groups over time (by means of the interaction term time9group evaluated in the models). For the binary parameters, generalized linear mixed models were applied. 17 Because of the size difference between the pediatric and adult groups, we compared the survival of the pediatric patients with that of a sample of adult patients randomly matched in a 1:3 ratio to increase the efficacy of the survival comparison. The matching procedure accounted for the variables that were significantly different at baseline between the 2 populations and that had known possible relevance for the outcome in DCM patients. Event-free survival curves for the 3 primarily investigated outcomes (described in the "Clinical Outcomes" section) were estimated and plotted using the Kaplan-Meier method. The differences between the groups were assessed using the log-rank test. Last, univariate and multivariate Cox regression models were estimated in the target population (pediatric patients). The limited sample size and number of events in this group were taken into account using a backward-conditional stepwise procedure to select the subset of the most powerful independent predictors. Only univariable hazard ratios were estimated for the secondary end points (sudden cardiac death or malignant ventricular arrhythmia and death from pump failure or HTx). Statistical analyses were conducted using the IBM SPSS Statistics version 19 (IBM Corp) and R software version 3.0.2 (R Foundation for Statistical Computing) with the "matching" and "rgenoud" libraries.
Results

Clinical and Echocardiographic Characterization
Of the entire population of 927 DCM patients enrolled between 1988 and 2014, 47 (5.1%) were pediatric. The median follow-up time after the first clinical evaluation was 110 months (interquartile range 54-185 months). Table 1 shows the clinical data of the pediatric population at baseline compared with the adult group. 18 A family history of DCM was . Both groups received optimized treatments for HF without age-related differences. Despite different features at baseline, no significant differences were observed between the pediatric and adult populations regarding the long-term longitudinal trends in NYHA functional classes III-IV, left ventricular end-diastolic diameter and volume, LVEF, and restrictive filling pattern. An initial improvement under treatment, midterm stabilization, and then a subsequent trend to progressive worsening of these parameters were observed in the long term in both the adult and pediatric populations ( Figure 1 ). The matched sample was built by adjusting for differences in familiar forms, duration of HF, systolic blood pressure, left bundle-branch block, and LVEF; moreover, we checked for others parameters that were different in the original sample and found nonsignificant differences (diastolic blood pressure in the matched sample was 74AE12 mm Hg in the adult population versus 72AE11 mm Hg in the pediatric patients, P=0.09; diabetes mellitus 6% versus 0%, P=0.11; smokers 26% versus 10%, P=0.05; and diuretics 49% versus 46%, P=0.967). Figure 2A shows that long-term survival free from death or HTx was significantly lower among the 47 pediatric DCM patients compared with the matched sample of 141 adults (P<0.001). Notably, a significant survival difference can be seen as early as 12 months after enrollment (survival rates at 1 year: 82% versus 98% in pediatric versus adult populations, respectively; P<0.001). At follow-up time points of 6 and 9 years, the survival rates were 71% versus 89%, respectively, in the pediatric patients and 68% versus 89%, respectively, in the adult patients (P<0.0001). Similar results were obtained when examining survival rates free from the combined end points of sudden death or MVA and death from pump failure or HTx (P<0.001 for both) ( Figure 2B and 2C) . Figure 3 shows the effect of the age at enrollment on patient outcome, with pediatric age (ie, <18 years) associated with a significantly decreased mortality rate and increased occurrence of HTx.
Long-Term Outcomes
Finally, we performed a univariate and subsequent multivariate Cox analysis among the pediatric population to identify possible prognostic indicators. We found that lower LVEF and NYHA functional class III-IV at baseline were the most powerful independent predictors of the occurrence of death or HTx. Conversely, the use of beta blockers was found to be a protective factor (Table 3 ). The pediatric patients received beta blocker treatment throughout the enrollment period (ie, beta blocker therapy before versus after the year 2000: 76% versus 84%, P=0.421). The univariate analyses for sudden death or MVA and for pump-failure death or HTx are reported in Tables 4 and 5 . Of note, a positive family history for DCM emerged as the only significant predictor (hazard ratio 3.79, 95% CI 1.224-14.7; P=0.045) for arrhythmic events in the pediatric population (Table 5) .
Discussion Main Findings
This study compared the characterizations, long-term progression, and outcomes of adult and pediatric DCM patients. Most studies of pediatric DCM populations have been based on registries drawn from the United States or Australia, and recent data on European populations, provided in this study, have been less represented. Furthermore, in the current literature, comparative studies of adult and pediatric DCM patients are lacking. This issue is relevant because the management of pediatric DCM is based largely on long-term data derived from adult cohorts.
In this study, we reported a large and well-selected idiopathic DCM cohort in which pediatric cases are rare, representing only 5% of the whole population; however, clinical cardiologists have to pay particular attention to pediatric DCM. In fact, in our pediatric population, we saw that the disease was less severe at baseline compared with adults, as suggested by the lower percentage of left bundlebranch block, the higher occurrence of LVEF, and the shorter (dotted line) matched in a 1:3 ratio after adjustment for baseline differences between the 2 subgroups. D/HTx indicates death or heart transplantation; DHF/HTx, heart-failure death or heart transplantation; SD/MVA, sudden death or major ventricular arrhythmias.
duration of HF symptoms. This could be due to having an earlier diagnosis, which may be partially explained by a systematic and detailed collection of familial history of the probands and thus the earlier screening of relatives. Despite these differences at baseline, both populations share similar long-term clinical and echocardiographic progression. This may suggest a quicker progression of DCM in younger patients. As seen previously, our pediatric population had a significantly poorer long-term outcome compared with adults. All analyzed combined end points (ie, death/HTx, death from HF/HTx, and sudden death/MVA) had higher incidence in the pediatric population, even after adjustment for baseline differences between groups. The long-term incidence of death/HTx in the pediatric population reached 5 events per 100 patients per year, which is markedly higher than 3.4 events per 100 patients per year in the adult population. These event rates are similar to those reported in the United States and Australia. 5, 6 Furthermore, the survival rate curves of both populations start to diverge early after the first evaluation and progressively increase the survival gap in the long term. This was particularly evident considering the combined end point of death/HTx (82% versus 98% in children versus adults at 1-year follow-up). These issues highlight the aggressiveness of DCM in pediatric cases. Finally, the onset of disease at an age <18 years clearly emerged as a risk factor for all combined end points ( Figure 3 ). This underscores the relevant role of pediatric age for short-and longterm management of DCM. These results apparently contrast with the known beneficial effects on the prognosis from familial screening. The latter usually allows earlier diagnosis, often at a less severe stage of the disease, and subsequent benign outcome. 19 One could argue that familial screening is useful for more accurately managing the disease with tighter and more aggressive follow-up when DCM is discovered at a pediatric age. In adults, familial screening allows diagnosis at an earlier stage of the disease, with a consequently better long-term outcome.
The Arrhythmic Burden
Notably, in our study, the poorer prognosis in pediatric cases resulted not only from the progression of HF and HTx but also from arrhythmic events ( Figures 2C and 3C ). In the current literature, much more attention has been paid to HF than to arrhythmias in pediatric DCM patients. Nevertheless, an important arrhythmic profile in the pediatric patients compared with the adults clearly emerged in this study. This topic highlights a challenging issue in the management of DCM: whether to implant an implantable cardioverter-defibrillator for primary prevention in children. The current HF pediatric guidelines 10 recommend this procedure for pediatric DCM patients with unexplained syncope and at least moderate left ventricular dysfunction (class of recommendation IIa, level of evidence C) or with LVEF <35% and NYHA class II-III (class of recommendation IIb, level of evidence C). They also recommend this procedure for adolescent patients with a familial cardiomyopathy associated with sudden death or for younger patients, considering the risk-benefit ratio and technical issues (class of recommendation IIa, level of evidence C). The low level of evidence for the guidelines suggests the ethical and technical difficulty of this decision and the necessity of risk stratification models. Some models have been proposed previously to identify implantable cardioverter-defibrillator candidates among children. In particular, a left ventricle thinning and dilation ratio, diagnosis before age 13 to 14 years, and use of antiarrhythmic therapy within 1 month of diagnosis emerged as predictors of sudden cardiac death 20 ;
however, no univocal statement currently exists on this topic in the literature. The identification of predictors of sudden death and MVA in pediatric DCM patients was beyond the scope of our study because of the limited number of events. Interestingly, at univariate analysis, family history positive for DCM emerged as the only significant predictor of arrhythmic events in the pediatric population. This could suggest that some clusters of gene mutations have an important role in inducing specific arrhythmic phenotypes. Future studies are needed for the investigation of such a hypothesis.
DCM at Pediatric Age: A Distinct Disease
The reasons for the relatively poor outcome in pediatric DCM patients remain largely unknown. Most cases are idiopathic, followed by familial forms 3 ; therefore, pediatric forms may be caused by particularly aggressive genetic mutations leading to rapidly progressive disease. Accordingly, our study showed twice the prevalence of familial forms of DCM in the pediatric population compared with the adult patients (34.8% versus 17.5%), encouraging genetic screening in these patients and their relatives. In some cases, a positive result may influence clinical management, as in the presence of lamin A/C (LMNA) mutations. 21, 22 In other cases, the discovery of a mutation has no impact on the clinical management of the disease because, currently, wide genotype-phenotype correlation data are still lacking. Furthermore, it is known that active myocarditis in children is more aggressive than in adults, probably caused by a predominant immune response. 23 Consequently, postinflammatory DCM in children is also likely to be more severe, and more aggressive follow-up and therapeutic strategies are advised. Finally, the resulting independent prognostic factors that emerged from our multivariate analysis (tolerance of beta blocker therapy, LVEF, NYHA class) confirm previous studies 24, 25 and reflect the same features that are included in adult DCM prognostic models. 2 The protective role that emerged for beta blockers could confirm their benefit in pediatric as well as adult DCM patients. Nevertheless, because of the observational nature of the present study, it is possible that beta blocker intolerance was a surrogate for advanced disease state, and a large-scale randomized trial is needed to definitively assess the benefit of beta blockers in a pediatric DCM population. Beta blockers are currently more widely used in children than in previous decades. Only 5% of the pediatric patients enrolled in the American Pediatric Cardiomyopathy Registry received beta blockers in the 1990s compared with 18% after 2000. 26 An increasing burden of studies about the pathophysiological differences of pediatric and adult HF mechanisms characterizes the current literature. [27] [28] [29] This contributes to our understanding of the different age-related responses to therapy. Performing clinical trials in children with DCM is very difficult, but it appears to be the only way to identify the most useful treatments to improve outcome. Our population has some analogies with large-scale observational studies in the pediatric DCM population 5,6,16 ; however, some notable differences have to be highlighted. The mean age of our pediatric cohort was 15 years, which is older than most other studies on DCM in children. Moreover, there were higher proportions of familial and male cases. These differences should be explained by the fact that ours is a cardiomyopathy referral center that is mostly used to evaluate patients that are affected by idiopathic DCM, without known causes and with an important genetic-familial or postmyocarditis background and rarely associated with congenital syndromes or neuromuscular diseases. In this sense, the comparison with the adult population was not previously reported and appears to be particularly relevant to the clinical management of such patients. Another relevant discrepancy concerns the prognostic longitudinal trends that are shown in the present study. In our population, there appears to be a continued risk of death or transplant after 1 year of follow-up after enrollment; that characteristic is different from other pediatric DCM international registries. 5, 6, 16 It is particularly interesting and is probably related to the above-mentioned characteristics of idiopathic DCM enrolled in the present registry. These characteristics revealed a particularly aggressive nature of the disease in the short and long terms in children more than in adults. 
Limitations
Our study has some limitations. First, selection biases relate to its retrospective and registry-based nature. Moreover, the rarity of this disease among the pediatric population in general influenced the size of the samples studied. To overcome this issue, a "case-control-like" strategy was achieved by means of a random matching procedure. Another limitation concerns the availability of long-term follow-up data, which were not complete for all patients because of the event rates and censoring mechanism. Consequently, the long-term trends of the main clinical and echocardiographic features shown in Figure 1 should be interpreted with caution and confirmed by future studies that go on for a longer time. In our opinion, however, the comparison with the adult population (affected by the same limit) is reliable. For most of the patients, the genetic data and cardiac magnetic resonance information were lacking, thus we could not include these data in our analyses. Because of the limited number of events, uni-and multivariable analyses were presented mainly for exploratory purposes and should be confirmed in larger series. Future focused studies are warranted to assess the possible prognostic role of these tools in pediatric populations compared with adults. Finally, we included HTx in the composite end point even though it is not a fatal event. In our opinion, it remains a major event in the natural history of DCM that has the same impact of death in the prognostic evaluation of the disease, especially considering that only urgent HTx examples were included.
Conclusions
The data of this Italian registry suggest that pediatric DCM patients are rare but have a worse outcome than adult patients. This is despite similar treatments, a less advanced stage of the disease at baseline in children, and similar clinical and echocardiographic long-term progression. These findings were further confirmed after adjusting for other covariates that were significantly different from adults at the time of the onset of the disease. Finally, pediatric age emerged as an important prognostic predictor of both death from HF and lifethreatening ventricular arrhythmias.
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